Introduction
Diabetes mellitus is a global health problem affecting all age-groups and is associated with high morbidity and mortality rate, due to involvement of major organs in this disease condition. The increasing incidence particularly in developing countries of Asia and Africa poses a serious public health problem because of the consequential impact and financial burden in patient treatment and management [1] Type 2 diabetes, the most common type, is characterized by disorders of insulin resistance and insulin secretion, either of which may be the predominant feature. The important point here is that insulin secretion does not cease when the disease develops but may be inadequate for the purpose for which it is being secreted. There is usually too much carbohydrate to be metabolized for the amount of insulin present.
The development of type 2 diabetes passes through several stages in its natural history. The most important of these is impaired glucose tolerance (IGT) and this stage is a marker for identifying those at risk of developing diabetes. Patients with this marker are usually obese and /or hypertensive [2] . Obesity and hypertension, therefore, appear to be independent or interdependent determinants of IGT . In type 2 diabetes mellitus, insulin resistance is characterized by an inadequate or insufficient response of peripheral tissues to a given concentration of plasma insulin [3] . This syndrome is usually identified by an inappropriately high ratio of insulin to glucose concentration in the plasma. Insulin resistance caused by circulating insulin antagonists occurs predominantly in clinical conditions. Several hormones, for example, cortisol and growth hormone have insulin-antagonistic effects. During hypoglycemia, these hormones are secreted to restored blood glucose levels by stimulating glucose release from the liver and inhibiting glucose uptake in peripheral tissues. Elevated levels of these hormones can produce insulin resistance and hyperglycemia.
The effect of cortisol in the glucose and lipid metabolism is to a large extent opposite that of insulin. Hepatic glucose production is increased, while insulin stimulated glucose uptake in muscle and adipose tissue is impaired. High serum levels of cortisol of endogenous origin can cause insulin resistance and in diabetes patients, this can lead to a determination of glycemic control [4] . Cortisol alters blood glucose by affecting glucose transporters in peripheral tissues such as fat and skeletal muscle ]5]. Thus, cortisol can contribute to elevated blood glucose levels due to inefficient uptake of glucose in the peripheral tissue.
Corttisol may play an important role in the development of type 2 diabetes, it is possible that even small increase in cortisol within the range of normal, may have a detrimental influence by worsening diabetes and increasing complications [6] .
Growth hormone stimulates protein anabolism in many tissues. This effect reflects increased amino acid uptake, increased protein synthesis and decreased oxidation of proteins. In fat metabolism, GH enhances the utilization of fat by stimulating triglyceride breakdown and oxidation in adipocytes. In carbohydrate metabolism, GH is one of a battery of hormones that serves to maintain blood glucose within a normal range. GH is often said to have anti-insulin activity, because it suppresses the abilities of insulin to stimulate uptake of glucose in peripheral tissues and enhance glucose synthesis in the liver [7] .
Studies have shown that high levels of cortisol and GH decrease metabolism of glucose and increase mobilization and metabolism of fats, which contribute to insulin resistance in type 2 diabetes. This study therefore is an attempt to evaluate the serum cortisol and GH in type 2 diabetic subjects attending University of Maiduguri Teaching Hospital.
II. MATERIALS AND METHODS
A total of 105 type 2 diabetic and 71 age-matched non diabetic subjects participated in the study. The study was approved by the joint ethical committee of University of Maiduguri Teaching Hospital/ University of Maiduguri. The subjects included for this study were confirmed type 2 diabetic subjects attending University of Maiduguri Teaching Hospital Metabolic Unit. Apparently healthy individuals who are non-diabetic were used as controls. Exclusion criteria were type 1 diabetics, use of medications that may affect GH or cortisol levels (e.g., estrogen, progesterone, and glucocorticoids) and Patients that were depending on insulin for their treatment.
Samples were collected in Maiduguri in North-eastern Nigeria. Analysis of the samples was performed in the Chemical Pathology Laboratory, University of Calabar Teaching Hospital, Nigeria. Blood samples were collected in the morning from the subjects after an overnight fasting. A 5ml syringe and needle was used to collect 5mls of blood sample from the subjects. Two mls of the blood sample were taken into fluoride oxalate containers for fasting blood sugar (FBS) estimation, while 3mls were taken into a plain container for insulin, cortisol, and growth hormone analysis.
The serum samples were transported in a frozen state, in insulated packaging, along with frozen gel packs. The gel packs and the serum samples were placed in an ultra low temperature laboratory refrigerator at -86 0c for 48hours prior to the transportation day. It was transported by road to Calabar, Nigeria within 24hours.
The biochemical parameters that were measured in this study included fasting blood sugar (FBS), serum insulin, cortisol and human growth hormone (hGH). Plasma glucose was estimated by the glucose oxidase method [8] . The reagent kit was obtained from RANDOX laboratories limited. Ardmore, Diamond Road, United Kingdom. Serum insulin was determined by the DRG insulin enzyme immunoassay method [9] . It was obtained from DRG international Inc. USA. Serum cortisol was determined by the DRG cortisol enzyme immunoassay method [10] . It was obtained from DRG international Inc. USA. Serum human growth hormone was determined by the DRG human growth hormone (hGH) immunoassay method [11] . It was obtained from DRG international Inc USA.
The data generated was analyzed using statistical software SPSS version 16.0. Students' t-test was used for analysis of differences between means for two groups. Pearson correlations were conducted to determine associations between different variables. A scatter plot graph was conducted using Microsoft excel 2007.The level of significance was set at 95%, where p-value less than 0.05 (P<0.05) was considered as statistically significant. All the results were expressed as mean±SEM.
III. RESULTS
The total number of study subjects were one hundred and seventy six (176) as presented in table 1. One hundred and five (105) were type 2 diabetics of which 42 (40%) were males and 63 (60%) were females. Seventy one (71) were controls of which 40 (56.3%) were male and 31(43.7%) were females. Table 1 also shows the comparison of means of demographic variables between type 2 diabetics and control subjects. The mean systolic blood pressure, diastolic blood pressure and body mass index were significantly (p<0.05) higher in type 2 diabetic subjects when compared to the control subjects. There was no significant difference in the mean age of type 2 diabetics and the control subjects (p>0.05). Table 2 shows a comparison of means of biochemical parameters in type 2 diabetics and control subjects. The mean fasting blood sugar, cortisol and insulin were significantly (p<0.05) higher in type 2 diabetics as compared to the control subjects. The mean growth hormone was significantly (p<0.05) lower in type 2 diabetics as compared to the control group. Table 3 shows the percentage of subjects with abnormal biochemical parameters among type 2 diabetics and control subjects. Fifteen type 2 diabetics, (14.3 %) were found with abnormally high cortisol level above the upper reference limit (> 230 ng/ml). The control group had none that was so abnormally high. There was no abnormally high growth hormone above the upper reference limit (>7ng/ml) in type 2 diabetic subjects. However 2(1.4%) of control subjects had abnormally high GH. Eleven (10.5%) of type 2 diabetics had insulin above the upper reference range (>25μiu/ml), but the control group had only one (1.4%) of such. Figures 1-2 show correlation plots between cortisol and insulin; cortisol and GH respectively. There was a significant (r= -0.327; p<0.05) negative correlation between cortisol and insulin. No significant correlation was found between cortisol and GH. Control subjects n=71 Cortisol,>230(ng/ml) 15(14.3%) 0(0%) GH, >7(ng/ml) 0 (0%) 2 (1.4%) Insulin, >25(µiu/ml) 11(10.5%) 1 (1.4%) r=0.147, p>0.05 
IV. Discussion
This work examined the degree of involvement of some diabetogenic hormones in the complications of diabetes millitus. Cortisol, and growth hormone were the hormones examined.
Cortisol was found at significantly higher (p <0.05) concentration in the sera of type 2 diabetics when compared with controls. Fifteen (14.3%) of diabetic subjects had abnormally high serum cortisol level (greater than the upper reference limit of the reference range. Elevated cortisol induces hyperglycemia. The value found in this study may be a contributor to the diabetic condition. Elevated cortisol is associated with increase in hepatic gluconeogenesis and glycogenolysis and consequently with hyperglycemia. Cortisol is a glucocorticoid, the function of which is to ensure that blood glucose level remains elevated. Its role in diabetes mellitus may however be undesirable as it turns to sustain hyperglycemia. This finding points to the need to measure this hormone in diabetics as part of monitoring and control.
Cortisol alters blood glucose by affecting glucose transporters in peripheral tissues such as fat and skeletal muscle [12] . Thus cortisol can contribute to elevated blood glucose levels due to inefficient uptake of glucose in the peripheral tissues. It is possible that even small increases in cortisol levels, within the normal range may have a detrimental influence by worsening diabetic condition and increasing complications [6] . Cortisol has also been linked to obesity [13] . It stimulates hepatic triglycerides synthesis [14] , increases the number of adipocytes in the visceral depots and stimulates appetite and hence obesity [15] . It also induces insulin resistance probably by antagonizing the antilipolytic effect of insulin [16] .
In this study, a significant inverse association was observed between cortisol and insulin in type 2 diabetes. Higher cortisol concentrations are related to reduced insulin secretion and activity. This finding was also consistent with the in vivo and invitro studies of Mervat et al [17] , which showed that glucocorticoids regulate insulin secretion. The mean serum growth hormone level of our type 2 diabetics was lower than those of none-diabetic controls. These findings were similar to that of Kjeidsen et al [18] and Zoe et al [ 19] , who in a separate studies reported reduced basal GH concentrations in type 2 diabetics. Elevated cortisol as we have already discussed above inhibit the release of GH by stimulating the release of somatostatin (a growth hormone antagonist [20] . It may also directly inhibit growth hormone effects at target tissues by inhibiting insulin-like factor-1 and other growth factors [21] . There is also clinical [22] and experimental [23] evidence suggesting an important role for insulin as a direct inhibitor of GH secretion. Thus the decrease in GH level in these diabetic subjects may be due to the elevated plasma cortisol and insulin level observed in these diabetics.
In this work, plasma insulin was significantly (p<0.05) higher in type 2 diabetic subjects as compared to the controls. The pancreas secrets insulin to remove excess glucose from the blood into the cells, where it is used to produce energy. Overtime however, the cells lose the ability to respond to insulin. The pancreas responds by pumping out even more insulin in an effort to get glucose into the cells, and this is the genesis of insulin resistance. Insulin resistance is an important component in the pathogenesis of type 2 diabetes [24] . The body attempts to compensate for this by increasing the production in the -cells and this leads to hyperinsulinemia. During glucoregulation, insulin lowers blood glucose by stimulating peripheral glucose uptake as well as inhibiting gluconeogenesis and glycogenolysis [25] .
V. Conclusion
In conclusion, this study has found abnormally raised level of serum cortisol and significantly lower GH in type 2 diabetic subjects. Elevated cortisol is known to inhibit the release of GH by stimulating the release of somatostatin (a growth hormone antagonist). Our diabetic subjects had elevated BMI and high serum cortisol, both of which may be responsible for the reduced growth hormone status. The type 2 diabetics had significantly higher insulin levels than controls.
